We extend the range of predictions of the isosinglet (or vector) down quark model to the fully allowed physical ranges, and also update this with the effect of new physics constraints. We constrain the present allowed ranges of sin(2β) and sin(2α), γ, x s , and A Bs . In models allowing mixing to a new isosinglet down quark (as in E 6 ) flavor changing neutral currents are induced that allow a Z 0 mediated contribution to B −B mixing and which bring in new phases. In (ρ, η), (x s , sin (γ)), and (x s , A Bs ) plots for the extra isosinglet down quark model which are herein extended to the full physical range, we find new allowed regions that will require experiments on sin (γ) and/or x s to verify or to rule out an extra down quark contribution.
I. INTRODUCTION
The "new physics" class of models we use are those with extra iso-singlet down quarks, where we take only one new down quark as mixing significantly. An example is E 6 , where there are two down quarks for each generation with only one up quark, and of which we assume only one new iso-singlet down quark mixes strongly. This model has shown large possible effects in B −B mixing phases. The approaching B factory experiments will also sets limits on the phases of the mixing angles to the new iso-singlet down quark in this model. In previous analyses [1, 2] , we focused on ranges of variables in which the standard model (SM) results occurred, in the sense of looking for small deviations in setting limits. As emphasized by Wolfenstein [3] , we now explore the full range of output in variables η, sin (γ), and the B s asymmetry to indicate the full possible range of outcomes for these experiments due to new physics models.
A significant number of improved constraints have appeared in the last two years, and most importantly, some of the R b experiments now give results in agreement with the standard model. Since the mixing to a new down quark can only decrease the diagonal neutral current, these results now give useful limits on the parameters. The other improved experiments are K + → π + νν, the new D0 limit on B → µµX, improved V ub limits, and the LEP lower bounds on ∆m s or x s . We also now have an exact method of combining the one event
Poisson result on K + → π + νν with the Gaussian probability experiments which results in a chi-squared distribution [4] .
We also project to a range of results from the B factory experiments. For different sin(2α) cases we find extended multiple regions in (ρ, η) that will require experiments on sin (γ) or x s to decide between, and experiments on both could be required to effectively bound out or to verify the model. We also find a sizeable range for the B s −B s mixing asymmetry in the extra down quark model, while in the SM this asymmetry is very small.
In setting limits we use the method of a joint χ 2 fit to all constraining experiments.
II. ISO-SINGLET DOWN QUARK MIXING MODEL
Groups such as E 6 with extra SU(2) L singlet down quarks give rise to flavor changing neutral currents (FCNC) through the mixing of four or more down quarks [2, [5] [6] [7] [8] . We use the 4 × 4 down quark mixing matrix V which diagonalizes the initial down quarks (d 
where with
and
The CP violating decay asymmetries depend on the combined phases of the B down quarks mixes appreciably [7] . We use the nine experiments for the 3 × 3 CKM submatrix elements [1] , which include: those on the five matrix elements V ud , V cd , V us , V ub , V cb of the u and c quark rows; |ǫ| and K L → µµ in the neutral K system [13] ;
and the new limits on ∆m s , or x s . For studying FCNC, we have four experiments which include the bound on B → µµX (which constrains b → d and b → s) for which we have the UA1 and the new D0 [14] results, the new first event in K + → π + νν [4, 11, [15] [16] [17] and new results on R b in Z 0 → bb [11, 18] (which directly constrains the V 4b mixing element).
FCNC experiments will bound the three amplitudes U ds , U sb , and U bd which contain three new mixing angles and three phases. We use the mass of the top quark as m t = 174 GeV.
We use a method for combining the Bayesian Poisson distribution for the average for the one observed event in K + → π + νν [17] with the chi-squared distribution from the other experiments. We take < n >= 2.7 × 10 8 |U ds | 2 , ignoring the SM contribution since the observed event is at a rate four times the SM result.
In maximum likelihood correlation plots, we use for axes two output quantities which are dependent on the mixing matrix angles and phases, such as (ρ, η), and for each possible bin with given values for these, we search through the nine dimensional angular data set of the 4 × 4 down quark mixing angles and phases, finding all sets which give results in the bin, and then put into that bin the minimum χ 2 among them. To present the results, we then draw contours at several χ 2 in this two dimensional plot corresponding to given confidence levels.
IV. CONSTRAINTS ON THE STANDARD MODEL CKM MATRIX AT PRESENT
We first analyze the standard model using the present constraints on the eight CKM related experiments. We use the results for |V ub /V cb | = 0.08 ± 0.016 or a 20% error [19] .
In Fig. 1 is shown the (ρ, η) plot for the standard model with contours at χ 2 which correspond to confidence levels (CL) that are the same as the CL for 1-σ, 2-σ, and 3-σ limits. Fig. 1 shows large regions for the present CKM constraints. We see the effects of
and starting to cut off ρ for ρ < 0.
In Fig. 2 is shown the (sin (2α), sin (2β)) plot for the standard model, for the same cases as in Fig. 1 . In comparison to previous analyses [2] the region near sin (2α) = 1 is no longer within the 1-σ contour.
In Fig. 3 is shown the (x s , sin (γ)) plot for the standard model with (a) present data, and In the following, we will find and take sin(2β) = 0.65 as the center of the current range for the SM with its projected B factory errors of ±0.06 [22] , and vary sin(2α) from −1.0 to 1.0, using the projected B factory errors of ±0.08.
Here we also project forward to having results on sin (2α) and sin (2β) from the B factories, and show how there will be stronger limits on the new phases of FCNC couplings than from present data. In the four down quark model we use "sin (2α)" and "sin (2β)" to denote results of the appropriate B d decay CP violating asymmetries, but since the mixing amplitude is a superposition, the experimental results for these asymmetries are not directly related to angles in a triangle in this model. The asymmetries with FCNC contributions included are
with U std−db defined in Eqn. (2.2).
In the four down quark model, what we mean by "sin (γ)" is the result of the experiments which would give this variable in the SM [23] . Here, the four down quark model involves more complicated amplitudes, and sin (γ) is not simply sin (δ 13 ):
We note that since sin (γ) is an imaginary part of a complex amplitude, it can have values ranging from −1 to +1. We now extend the range of the previous analyses to cover the complete range.
In the four down quark model, x s is no longer the simple ratio of two CKM matrix elements, but now involves the Z-mediated annihilations and exchange amplitudes as well
where
The asymmetry A Bs in B s mixing in the standard model with the leading decay process of b → ccs has no significant phase from the decay or from the mixing which is proportional to V 2 ts . The near vanishing of this asymmetry is a test of the standard model [6] , and a non-zero value can result from a "new physics" model. With the FCNC, the result is
Again, since this is an imaginary part of a complex amplidute, we extend our studies to the full range including negative values for this. Since it concerns the B s mixing, we plot it against x s which involves the magnitude of the amplitude used in A Bs .
In the four-down-quark model with the unitarity quadrangle, what we plot for the (ρ, η) plot is the scaled vertex of the matrix element V * ub
Since η is an imaginary part, it can have negative as well as positive values. While the negative values were not included before in comparing to the standard model, they are now included to show the full range of predictions of the four-down-quark model.
We then make maximum likelihood plots which include (sin (2α), sin (2β)), (ρ, η), (x s , sin γ), and (x s , A Bs ).
The corresponding plots for the four down quark model are shown for present data and for projected B factory data in the following figures. In the figures, we show χ 2 contour plots with confidence levels (CL) at values equivalent to 1-σ and at 90% CL (1.64σ) for present data, and for projected B factory results. Again, for results with the B factories, we use the example of the most likely sin (2β) = 0.65 with B factory errors of ±0.06, and errors of ±0.08 on sin (2α).
In Fig. 4 we have plotted the χ 2 contours for the location of the vertex of (ρ, η). We note that in contrast to the standard model, in Fig. 4a the presently allowed 90% CL contour in the four down quark model is an annular ring representing no constraint on δ = δ 13 which can result from the FCNC with its new phases e iδ 14 or e iδ 24 in U db causing the known CP violation. In Fig. 4b ,c and d we show the B factory cases of sin (2α) = −1, 0 and 1, respectively, with contours at 1-σ and at 90% CL. The existence of several regions, even now for negative η, requires that extra experiments in sin (γ) or x s will also be needed to verify or to bound out the extra down quark mixing model. Use of the slightly more conservative bound for |V ub /V cb | of 0.08 ± 0.02, which is used by some authors, still results in multiple regions.
In order to display how the FCNC Z 0 exchange with the new phases in U ds can account for the CP violation in ǫ K , we plot the ratio of the FCNC contribution to the root-meansquare of the SM and the FCNC contributions, In computing χ 2 for a (sin (2α), sin (2β)) contour plot for the four down quark model we find that all pairs of (sin (2α), sin (2β)) are individually allowed at 1-σ. This is a much broader allowed region in sin (2β) than the standard model result from present data in Fig.   2 . The allowed 1-σ, 90% CL and 2-σ contours in the (sin (2α), sin (2β)) plot for the cases of the B factory results with the four down quark model are very similar to the SM results shown in Fig. 2 .
In terms of other experiments, the (x s , sin (γ)) plot for the four down quark model is shown in Fig. 6a with the allowed region from present data, with 1-σ and 90% CL contours.
This The 90% CL limits on the three new quark mixing elements |V 4d |, |V 4s |, and |V 4b | are roughly equal to the mixing angles to the fourth down quark θ 14 , θ 24 and θ 34 , respectively.
They are bounded by 0.05, 0.05, and 0.08, respectively. The values allowed in combination are much more restricted, since they are roughly bounded by hyperbolic curves, due to constraints acting on their products in U ds , U sb , and U bd .
VI. CONCLUSIONS
We have extended our analysis to the full range of the variables η, sin ( 
